Fast and efficient solution methods for ozone chemistry by Loon, M. (Martin) van
Centrum voor Wiskunde en Informatica
REPORTRAPPORT
Fast and efficient solution methods for ozone chemistry
M. van Loon






1090 GB  Amsterdam
The Netherlands
CWI is the National Research Institute for Mathematics
and Computer Science. CWI is part of the Stichting
Mathematisch Centrum (SMC), the Dutch foundation
for promotion of mathematics and computer science
and their applications.
SMC is sponsored by the Netherlands Organization for
Scientific Research (NWO). CWI is a member of
ERCIM, the European Research Consortium for
Informatics and Mathematics.
Copyright © Stichting Mathematisch Centrum
P.O. Box 94079, 1090 GB  Amsterdam (NL)
Kruislaan 413, 1098 SJ  Amsterdam (NL)
Telephone +31 20 592 9333










DjŁgII v fivvffizŁGŁ( zGwŁVGgGw gvflg 6a  zŁC¡z GQ¢j£[¤C¤f¥¦aa6Ł§¨(g§mj©«ª[¤C.¬K­C¢®ŁG¯GaagG[[ a
ag&®6®a°ŁzMffiaga®v ®  ±²Ł( zGD³flªw´[¬K¢flz Łzv §§# aµ6v  Q6aM ¶ŁC  gg¢jGŁCgfi §vG§mrŁ(fl(vz  g6  ŁC
w6aŁGgvgGM &QŁ§vz ·flª#_v Ga gµaa6Ł§v[gŁ( 4§GM  ŁC #¯ zG·D¥¸ŁC26GM ŁC2 Q6§Ł=¹Ggv 6G
Ł§I§vvS¡I 6¯µºa6GS(aS »§(¼#ŁG»ŁCgGgGw a ½I·j.gŁ§v¹j©«ª[¤C.¬K­avffig[ŁCV®Ł¡Iww¯GŁ(Ł§µv ®Gffi66  zrŁ(















QI v	 gGffiM §ŁC¹ &Ł(ŁCIGS6  ŁCµ[ a&ag
¥V .Ûz(¡zŁS6®Ł ½ŁzVa6ðDñ ³ï.g´[®G«òDg  ŁC6vjñg®  a®µŁzw­_v¡z  óDgv a%(g§¾¬]GŁCvGgGV­_ Łz®ga  ŁC·






8 9fl&ffi :-;<#=;>!, #?"@A -BC9fl! +DFE+G8H:JI1&6 K,

J







































































k-;&fi" 8,6 KP¢! 5FJ
#gA0R
J





Ôl!Õ×Ö.ØÚÙÛØQÜ ~jÝ Ö.Ø+Þ ßÕáà2Ü&âã7ÙäØkâ ~BÝ åæ&Ø+Ü
Õ×Ö.ØQÞ7Ùèçffié ~jÝ Ö.ØêÙäØ+Ü l&ÕìëQí+©wÙäØkâ ~BÝ å9îØ+Ü
ªffiÕ×Ö.Ø Þ ÙÛØkâ ~jÝ Ö.Øoï
Ü
l!lÕì\qEèÙäØkâ ~BÝ å ã Ø Ü
ð
Õá-Ö.Ø Þ ÙØ Ü ~jÝ -Ö.Øoï
Ü
ldÕáàoØìÙäØkâ ~BÝ åñØ Ü
ò
ÕáØ Ü Ùèçffié ~jÝ óôfiØkâõÙÛó Þ Ø Ü l&ªÕáàkâ æ ÙäØkâ ~BÝ å9öØ Ü
÷
Õáà Þ â ã ÙäØkâ ~jÝ åôØ Ü l
ð




ÙÛØkâ ~jÝ å Þ Ø Ü l
ò
Õùø1Ø Þ ~BÝ ø1Ø æ



















i! ? fl= $K!! £)<\M ff!O,
Rfi(!fi=fl! 
































































&£gx  ß-O0:^	 
,	,o-,"(P!fl ;NR&fi!	j! Kff








6#7 9fl-L"@A  K0R
J
PO!	fl,-" -"#^?k(	j ffi$o ffi7,Rfl,-)






fl! c;N! !6,#% 9flZ6j-;:&! o"0d#kMaffi&k




ffi!!fi!6! 'o!		d(-%6#. 9fl&f_@A  KffigL,





P! -#9ffifi6 £)\M  K& ,-Wg






















































































































! "#/! ^!		d(9-" ;N!2
!fl" /;:D}ªffi)
ð
I=! ^0O"L O6jofi! ffi&$c-"$!Q 7K! &}g9 ^! ,2
+E+G8H0R
J




Q ! " !=#9&P)fnO
















































































































































































m;N!In/fi #7&! :! "#;i1





 	& !-n/fi "#!g>d$!k-9mè!k!!	fl,-! )nO
ff&fl" K4,J



































7 !K! ¡	9,ooflffi	 Kj)%nO
76!ff4.aj ^9ff  0wff














=ff  0wff,	ffi&fiOOfl^/fi5F$c-fl-+ 
-;!	ffi  ,)ff\M !flffioJ
-=RD},	ffi&fi"affi¡6jc0+IUg<p0:',flJ
¡ 0og<fl	j¡,	ffi&fid#.6j










fi	ffi  R 4!J
4fl	j%,	jfi)O\M   ßc<02Z,
c02P





















& fik02o0O"L R!		#/fl	 Kff P+E+G8HQ)
	|
AT}dp}fiJVffffiT














































-+d#7  4& +-+>i -Rd#7affi$!)OnO
Q $dLQ,flLn/fi #^Kk/ ffififlZ/ 9fl?6ffi&
-;ifl, f#fi)8nO





















 ffi7ø1Ø Þ I1! ff&	ffi! ff,¡	¢
 
DN;N:ÖØ Þ g9Ø Ü ! 7ø1Ø Þ I=

















































Ix&	 x+,flLn/fi "#Z!fl;N 2fl" £)
nO












q fi k	jfl! ?1! #%ofl,fi#4o&C9flLg£!flkfi	! ';N9flk! D}-"$!dI
fl,"&o !ffldm7)4§ffiZ"2?
Z0:70O":fl/,

























4^"K -??'! ! !,?,-"&,







\M .ffi"" %02?^	j;N!,.!fl ffi+0O
D[KcI2a(	¢&8! '(! &%,
fl" 




3 ffiDWª) ªIi";x02oP 





































fi & !)Z R'oqq  ffioZflJ
?ff	8





























































































?		j)^\M  ßc20:/!		"&]nYEoqnHi¨ ffi+E+G8H 4%p02',
o
	!6k ffi.nEoq9nHi 	ffi&M;NM;[!fi!"#4 -1)o,
fl-4 ! .
k"k0







 QSSA1   
 QSSA2   












ff,	,R_(fl &=&fl",1 7k!K!!O 7û:i* ;NikK

































nx6^	 8,fl",+;N!oqq9  nEoq9nHi fl K^a(	.¢)¤+P,fl+;N!8+E+G8Hw
&6jflZ,









;N!6k 4	j_5p	fl,	j!8	 ! £)
Ä;IÅ	ÑG¨h\	ÒpŁM_Ó	Ô+\JHYqÈJHÉq\















ª ª)  )
ò





























 fl 6" l) ßª l&)lß l!)
÷ò
ª)  ª)  ß) ß
÷










) ßª ß) ª








 l) ª )
÷
 ß)l





































 ú gBl&ß ú )2D} 6SÝ8!J
L) ) fi/IU)
ª)O Z)¸û+)deQ !,







)² )d$c ©>9! £)¤+flffi?&K+	&fi! Z\ icnO
:	
#-9 ?J







)² )£$c! %©>9 £)Z§Bk! %In/fi o!fl" 
8;N+!¢ J
#)Z\M .e?)L1c0:&gB¤Z)£².!fl5
















)j)¸qA) µ ! 96!flP)Oû: $d! ^:!	j;f¤8fl-L\M K!,-" 7².
9ffiO;N!8q#R;iE85


















²qffiûi5W d(! 8HiZfl o-,fl)/n>&J


















































ll)j)ç@?):10:&7!  G?)Qq	! £)bHi(	"fi^,
7;N!7"@ E+G+H2ff;[! -,?	ffi
'J
#A)
µ
&	ffi¤+²ãÜ
µ
ß
ð
!ßgffiû:Y\Jgffi Q&!Pg£lßß
ð
)x/!		ffi&2 P +		W)ffi¤8fl)².-,
£)
